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Introduction and Methods

Figure 1: Map of Europe with locations of IPG gardens [1].

Abstract

The IPG garden at Fana (02) near Bergen, Norway was established in 1958, and during the years 1958-75 
woody trees and shrubs of 26 species and provenances from all over Europe were transplanted to the site, 
2 or 3 replicates of each. For comparison meteorological records of temperature and precipitation were 
collected from a nearby meteorological station. The mean January-April temperature at Fana increased 
from about 1.5 to 3.0 C during the observation period 1964-2014. Consequently, a significant trend 
against earlier budbreak was found during the period in the investigated species, and this change was 
closely correlated with increased temperature. The shift against earlier budbreak during the sample 
period was found to be 15-35 days depending on species and provenance, and the shift was stronger in 
species with late budbreak than in other species with early budbreak.
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The IPG garden at Fana (02) near Bergen, Norway was 
established in 1958 as one of 50 phenological gardens throughout 
Europe Figure 1, and during the years 1958-75 woody trees 
and shrubs of 26 European species and provenances [1] were 
transplanted to the site, 2 or 3 replicates of each. See Table 1 for 
origin and provenances. For comparison meteorological records 
of temperature and precipitation were collected from a nearby 

meteorological station. Due to ageing and storm felling a number 
of trees died during the observation period, and by 2013 only 17 
species and provenances were left. The three spruce provenances 
were replaced by young trees from the same origin in 2000, 
because the old trees had grown too big, and were shadowing out 
other trees in the garden. 

Table 1: Origin of species and provenances.

Species Country and Site
Geographical Coordinates Alt.

Latitude N Longitude E Meter

Picea abies

Norway «Nordic» 59° 40’ 10° 45’ 90

Germany «late» 51° 20’ 10° 750

Germany «early» 51° 30’ 9° 30’ 250

Larix decidua Czech Republic 51° 14° 20’ 1200

Betula pubescens Germany 52° 30’ 11° 10’ 250

Populus tremula Poland 52° 30’ 23° 150

Fagus sylvatica

Denmark «DK» 55° 20’ 11° 10’ 50

Germany «Har» 51° 40’ 9° 50’ 250

Germany «DUD» 50° 6° 40’ 200

Germany «Tri» 49° 20’ 7° 45’ 400

Tree species and provenances from the IPG gardens at Fana 
and Kvithamar. Figure 1 were investigated for early phenophases as 
compared with temperature records [2]. In another study [3] based 
on earlier studies on a number of wild trees and herbs from various 
parts of Fennoscandia were investigated for early phenophases as 
compared with climatic parameters [4].

Generally, leaf fall and winter dormancy are induced mainly by 
short days and is only slightly influenced by temperature, but when 
the chilling requirements for dormancy breaking are fulfilled in 
January or February, the buds are dehardened, and budbreak will 
occur as soon as temperatures are high enough [5,6]. Because of the 

raised winter temperatures, the risk of early dehardening and spring 
frost damages in e.g. Betula pubescens is increased, this was also 
confirmed in the present phenological study and in related studies 
on birch [7,8]. The spring phenophases are therefore much more 
influenced by temperature than the time for leaf fall and dormancy 
induction [9]. Other studies, e.g., on birch (Betula pubescens) have 
shown that the chilling requirements for dormancy breaking are 
lower in northern and inland populations than in southern and 
coastal populations of the same species, leading to earlier budbreak 
[5,10]. It is also found that high temperaturres during hardening in 
fall would lead to delayed budbreak occurrence in spring (Figure 
2).

Figure 2: Mean date of budbreak 2000-2001 (Julian days) in five birch populations from tree line localities in 
Fennoscandia ranging from 60 °N(Blefjell) to 71 °N(Hammerfest). The seedlings have been grown in greenhouse at 
high (L15) and low (L9) temperatures during the fall, followed by high (H15) and low (H9) winter temperatures [9].
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For comparison with early phenophases, the mean January-
April temperature was chosen rather than the mean temperature 
of March-May used by Nordli et al. [2] because the study included 
also some inland stations like Kvithamar with 3-4 °C lower winter 
temperatures, and consequently 1-2 months later dormancy 
breaking and 5-15 days later budbreak. However, the present 
study was focused on the observatons from the IPG garden at Fana, 
because according to Wielgolaski et al. [4] the negative trend in 
spring temperatures was most pronounced in the coastal areas 
north and south of Bergen. 

In order to confirm the conclusions from Nordli et al. [2] and 
Wielgolaski et al. [4] on a close relationship between climatic 
warming and earlier budbreak in tree species, the dates of budbreak 
(Julian days) were plotted against mean January-April temperature 
at Fana for the species and provenences listed in Table 1, where 
the numbers refer to the IPG classification system. The regression 
analysis is shown in Table 2. In Norway spruce (Picea abies) and 
beech (Fagus sylvatica) three provenances were investigated, hence 
these two species were chosen for further analysis, in contrast to 
the remaining tree species, where only one provenance was studies 
for each species.

Table 2: Starting year, linear trend 1971-2005 and 
mean date of budbreak for Investigated species. Signifi-
cance levels indicated by asterisks, ***P<0.01, **p<0.01, 
*p<0.05.

Species Start Year Linear Trend 
1971-2005 Mean Date

Betula pubescens 1970 -4.3*** 05-May

Fagus sylvatica ‘Har’ 1970 -3.9*** 11-May

Fagus sylvatica ‘DK’ 1971 -3.1** 13-May

Fagus sylvatica ‘Dud’ 1970 -2.1* 14-May

Populus tremula 1969 -2.4* 15-May

Fagus sylvatica ‘Tri’ 1970 -0.6 17-May

Larix decidua 1971 -2.6* 18-May

Picea abies ‘early’ 1964 -2.2* 20-May

Picea abies ‘late’ 1964 -1.3 23-May

Picea abies ‘Nordic’ 1964 -5.1*** 26-May

According to Table 1 the two beech provenances ‘DK’ and ‘Dud’ 
are intermediate, and in order to avoid unnecessary confusion, only 
the earliest (‘Har’) and latest (‘Tri’) provenances are included in our 
analysis. The date of budbreak is defined by the time when 50 of the 
buds are opened (first leaf visible). In Prunus avium, Ribes alpinum 
and Sorbus aucuparia also the date of flowering, as defined by 50% 
opening of flower buds, were recorded.

Results and Discussion
The mean January-April temperatures at Fana increased from 

about 1.5 to 3.0 °C during the observation period (Figures 3 & 4) 
Consequently, a significant trend against earlier budbreak was 
found during the period, and this change was closely correlated with 
increased temperature [2]. The temperature variation during the 
sample period 1964-2014, showing a significant negative trend in 
the onset of phenophases after 1980 caused by man-made climatic 
warming, and a corresponding significant increase in spring 
temperatures, are in strong contrast to the development during the 
period 1928-77 [4], showing decadal variations, probably caused 
by variations in solar activity, in addition to a weak climatic trend.

Provenance variations 
(Table 1) In both investigated species, e.g., spruce (Picea abies) 

and beech (Fagus sylvatica), the budbreak occurred about 10 days 
earlier in beech than in spruce in the beginning of the observation 
period, while there was no difference late in the period (2014). 
Consequently, the shift in the phenophase occurrence seemed to be 
stronger in spruce than in beech, which may be partly related to the 
seasonal temperature variations (Figures 3-5).

Figure 3: Dates of budbreak (Julian days) during the sample period 1964-2014 in three Norway spruce (Picea 
abies) and two beech (Fagus sylvatica) provenances in the IPG garden at Fana. The lower diagram is showing the 
January-April mean temperature in the same period (°C).
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Figure 4: Dates of budbreak and flowering (Julian days) during the sample period 1964-2014 in Ribes alpinum, 
Sorbus aucuparia and Prunus avium in the IPG garden at Fana. The lower diagram is showing the January-April 
mean temperature in the same period (°C).

Figure 5: Diagram illustrating the effect of seasonal variations in temperature on the time interval corresponding 
to a certain temperature change, shown in red, at spring and summer conditions.

When comparing the three investigated spruce provenances, 
budbreak generally occurred earliest in the ‘early’ population from 
Germany, followed by the ‘late’ German population, and at last the 
‘Nordic’ population from Norway (Figure 3), although these trees 
were from a much higher latitude than the ‘late’ population. The 
difference varied from 5 to 15 days. The most probably explanation 
is the high altitude of the mother trees of the ‘late’ population, 
as compared with the ‘Nordic’ relative. Early budbreak is not 
only found in northern provenances of tree species, but also in 
provenances from high altitudes [9,10]. However, Figure 3 shows, 
however, that by the end of the observation period the budbreak 
occurred almost at the same time in the ‘late’ and ‘Nordic’ spruce 
trees. 

A similar comparison between two of the investigated beech 
provenances showed – as expected – that budbreak occurred 3-12 
days earlier in the northern provenance ‘Har’ than in the southern 
relative ‘Tri’ (Table 1). The two remaining provenances (‘Dud’ and 
‘DK’) were intermediate, although the ‘DK’ plants were from a more 
northern origin than ‘Har’, but from a 200meter lower altitude.

Comparison between date of budbreak and flowering
In three of the investigated species (Figure 4) the date of 

flowering (e.g., 50% opening of flower buds) were also recorded. 
Earliest budbreak and flowering occurred in Ribes alpinum, 
followed by Sorbus aucuparia and Prunus avium with about 35 days 
difference between Ribes and Prunus during the whole observation 
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period. After the warm winters 2000-14 the budbreak date in Ribes 
alpinum dropped to below 100 Julian days, e.g., 10 April or earlier.

In Ribes alpinum the flowering occurred about 6 days later 
than budbreak in the beginning of the observation period, and 
this delay had increased to about 24 days by the end of the period 
(Figure 4). A similar trend was also found in Prunus avium, while 

the interval between budbreak and flowering remained constant 
at about 20 days in Sorbus aucuparia. As a consequence, flowering 
in Ribes arcticum and Prunus avium seemed to be less influenced 
than budbreak by climatic warming, probably because other factors 
than temperature, e.g., solar radiation also may influence on the 
development [2].

Comparison between species

Figure 6: Dates of budbreak (Julian days) during the sample period 1964-2014 in the IPG garden species at Fana 
mentioned in Table 1. The lower diagram is showing the January-April mean temperature in the same period (°C).

In Figure 6 the budbreak dates in all nine investigated species 
during the observation period are shown. The difference between 
the species with earliest budbreak (Ribes alpinum) and the 
corresponding late budbreak species (Pinus sylvestris) dropped 
from about 55 days to 30 days during the observation period (1964-
2014). As a consequence, the change toward earlier budbreak 
appeared to be stronger in species with late phenophases like Pinus 
sylvestris than in species with early phenophases like Ribes alpinum 
and Betula pubescens. The change was about 35 days in Pinus but 
only about 15 days in Ribes and Betula. This may be caused partly 
by genetic differences but may also just be connected to the fact 
that more days are normally needed in late spring (May) to get the 
same temperature increase as in early spring (April), due to the 
sinoid shape of the annual mean temperature function (Figure 5). 

Anyway, the observed climatic change and related earlier 
phenophases in many tree species and provenances during the last 
50 years are expected to lead to extended seasonal growth, which 
again would be leading to better seed reproduction and tree line 
advance in the alpine and arctic areas throughout Fennoscandia, 
while a number of cold-adapted shrubs and herbs may suffer from 
the increased winter temperatures [9,11].

Conclusion
The results from the present analysis of the occurrence of spring 

phenophases in the IPG garden at Fana during the observation 
period 1964-2014 may be summarized as follows:

1. A close relationship was found between mean annual 
spring temperature (January-April) and the corresponding 
date of budbreak in all investigated species.

2. As a consequence, the dates of budbreak were occurring.

3. 15-35 days earlier in 2014 than 40 years before.

4. The shift against earlier budbreak was stronger in 
tree species with late budbreak than in relatives with early 
budbreak.

5. Ecotypic variations were found between provenances of 
Picea abies and Fagus sylvatica, e.g. budbreak occurred earlier 
in northern and high-elevated provenances than in southern 
and low-elevated relatives.

6. Date of flowering in Prunus avium and Ribes alpinum was 
less influenced by climatic warming than budbreak occurrence, 
while in Sorbus aucuparia the dates of budbreak and flowering 
were equally influenced.
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